Agriculture is a risky business. And Ethiopia is one of the few countries in the world that has been ravaged by extreme drought for a number of years and stared its renaissance and development recently. According to Wondifraw Zerihun et al. 2014 on their document regarding African Economic Outlook, in 2012/13 fiscal year, Ethiopia's economy grew by 9.7%, the tenth year in a row of robust growth. In 2012, Ethiopia was the twelfth fastest growing economy in the world. Average annual real GDP growth rate for the last decade was 10.9%. Agriculture, which accounts for 42.7% of GDP, grew by 7.1, in order to accelerate this economic growth and minimize the weather related agricultural shocks index insurance program is being developed in Ethiopia. Hence the study aimed to investigate the impact of index insurance on farmers demand for fertilizer by using panel data of HARITA project of 2010/11 household survey in Tigray region. The study hypothesized that index insurance provision induces farmers to increase fertilizer demand which is profitable, but risky. To achieve the objectives of the study both descriptive and econometric techniques were used. The study employed random effects model with difference-in-difference estimator to see the impact of index insurance on fertilizer demand. Amount of fertilizer used was the dependent variable. Results of the random effect model showed that weather index insurance has positive significance (at 10% level) impact on fertilizer demand. The sign of the variable indicates that insurance purchaser's fertilizer demand is more than that of non-purchasers. And purchasing index insurance leads to increase demand for fertilizer by 33 percent. Therefore, the estimated coefficient of the variable was positive sign as expected. Based on the result, the study recommends that weather index insurance program should expand in all the drought prone areas of this region, then they will become confident to adopt or increase fertilizer use, through this productive capacity and living standard, the rural society will improve over time. Finally, this study is left open for further research as index insurance is at its early stage in the study area, so there should be continuous follow up and research on this area.
Introduction

Background of the study
According to Wondifraw Zerihun et al. 2014 on their document regarding African Economic Outlook, in 2012/13 fiscal year, Ethiopia's economy grew by 9.7%, the tenth year in a row of robust growth. In 2012, Ethiopia was the twelfth fastest growing economy in the world. Average annual real GDP growth rate for the last decade was 10.9%. Agriculture, which accounts for 42.7% of GDP, grew by 7.1%, so, this growth can be persistent if the small holder agricultural activities, which is vulnerable to whether condition related shocks is supported through adoption of weather index insurance.
Grains are the most important field crops and the chief element in the diet of most Ethiopians. The principal grains are teff 1 , wheat, barley, corn, sorghum and millet. However, agricultural activities in Ethiopia generally have low productivity. The agricultural sector is affected by a high level of poverty, underdeveloped infrastructure and poor entrepreneurial development.
Agricultural production is also a risky business. Farmers face a variety of price, yield and resource risks that make their incomes unstable and unpredictable from year to year. The direct results are dramatic decrease in economic development and an increase in poverty. In order to cope, some farmers have diversified crops in the case of drought or have sold cattle to repay loans or buy food (Hazell, P., et'al. 2010) .
In order to solve such agricultural problems index insurance pilot is being rural customers is often a major obstacle to offering Micro insurance. To overcome this challenge, the financial institutions involved in the pilot will employ a partner-agent model. Dedebit Credit and Savings Institution (DECSI), the second largest microfinance institution in Ethiopia, will act as the insurance agent. DECSI has very extensive operations throughout Tigray, and will harness its strong community relationships and reputation to market and deliver insurance on behalf of Nyala Insurance, the primary insurance supplier.
The project is also working on ways of overcoming weather data limitations.
International Research Institute (IRI) has led the exploration of new techniques to enhance sparse local datasets through a combination of satellite data, rainfall simulators and statistical tools that interpolate data from stations nearby.
Satellite data will also be used to improve understanding of the correlation between rain gauge data and actual losses on farms. With this information, the project may be able to reduce basis risk by answering the difficult question of what is the maximum distance between farm and rain gauge for which the rain gauge measurement of precipitation is valid.
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The HARITA project complements Ethiopia's innovative social protection scheme, the PSNP. This reaches approximately 8 million vulnerable people, about 11% of Ethiopia's total population. The PSNP provides payments to participating households in exchange for labor to build community assets such as water harvesting structures. Such households tend to be chronically food and resource-insecure, and are likely to be unable or unwilling to pay cash for insurance premiums, despite finding risk management highly relevant to their livelihood strategies. HARITA is exploring ways to build upon the PSNP model by enabling farmers to pay insurance premiums in kind rather than in cash. Under the scheme, farmers will have the option of working a few additional days in exchange for an insurance voucher that protects them against drought (Hellmuth, M.E, et'al, 2009) .
Through this insurance with PSNP labor, farmers who demand for modern agricultural inputs will be increased because the insurance creates some confidence about the compensation for expected loss from future weather condition problems. Thus they will be motivated to take risk and apply the modern inputs.
Statement of the problem
According to a variety of scientific studies, climate change in Ethiopia could lead to extreme temperatures, extraordinary rainfall events, and more intense and prolonged droughts and floods. These projections come as particularly bad news considering the fact that more than 85 percent of Ethiopians are engaged in smallholder, rain fed agriculture, and farms already find themselves under significant climate stress (HARITA, 2009 Payouts occur when the amount of rainfall over an agreed range of period is below a pre determined threshold. Unlike traditional crop insurance, the insurance company does not need to visit farmers' fields to assess losses and determine payouts. Instead, it uses data from rain gauges near the farmer's field. If these data show the rainfall amount is below the threshold, the insurance has to be paid. This means that payouts can be made on time so as to reduce or avoid farmers' distress sales of assets.
This process also removes moral hazards such as the 'perverse incentives' of crop insurance, where under certain conditions farmers may actually prefer their crops to fail so that they receive a payout.
With index insurance, the payout is not linked to the crop's survival or failure, so the farmer still have an incentive to work hard and get better harvest given that the minimum amount of rain fall (Hellmuth, M.E, et'al, 2009 ).
In the last few years, weather index insurance has gained increasing attention as a useful tool to manage risk. Much has been said about its advantages over other traditional agricultural insurance arrangements (contracts) especially in its role to reduce transaction costs and information asymmetry. Nonetheless, there is still little empirical evidence of its effects on risk taking behavior and farmers' decision making (Fuchs, A. and Wolff, H. 2010) . Thus, this study examines the effect of weather index insurance on farmers demand for fertilizer.
To the best of my knowledge, studies conducted so far in this field were based on experiment which shows the expected impact of index insurance if they had purchase index insurance. But such an experimental assessment could not reflect the exact impact of index insurance. This research is therefore, an attempt to fill the existing gaps on the assessment about impact of index insurance.
Objectives of the study
General objective
The general objective of the study was to examine the impact of weather index insurance on farmer's demand for fertilizer.
The Specific objectives of the study are:
 To assess and analyze the impact of index insurance on farmers' demand for fertilizer.  To recommend policy options based on the findings
Significance of the study
Maximizing agricultural production in Ethiopia and particularly in the study region is essential to reduce poverty and ensure sustainable development. Such concerns call to investigate the underlying root causes contributing to the farmer's risk aversion behavior, which leads them to invest on less risky inputs with less return in the study area. Vol. 5 No. 1/2015 Page 88
Impact of Weather Index Insurance on Demand for Fertilizer
EJBE
A possible solution to this problem may be providing these poor farmers with index insurance. Thus it is necessary to study whether this program has an effect on changing farmers' demand for riskier inputs, but with high return.
Hence, such studies are important for the success of huge efforts made in the area to ensure food security. Policy makers and planners can also draw lessons on designing effective strategies for further efforts in addressing food insecurity and poverty alleviation. This study will also contribute to fill a gap of knowledge in the subject. Furthermore the output of the study could be informative for development practitioners, donors and nongovernmental organizations.
Scope of the study
The study is conducted in five treated villages of three woredas (Raya -Azobo, Kola-Temben, and Sas'e Tsaeda-Emba) of Tigray Regional State, Ethiopia.
The research design employed household survey panel data of 2010 and 2011, i.e. household base line survey which was collected in 2010 and one follow up survey data that was collected during 2011.
Limitation of the study
The limitations that we face during this study were shortage of time, lack of related research documents, especially empirical studies on the subject.
Moreover the program is new and less known in the study area.
Organization of the paper
This thesis is organized into four chapters. The survey data contain detailed information on household characteristics (such as age and sex of the household head, schooling level of household members, etc), asset ownership, credit, non-agricultural activities, land holding, inputs, crop outputs, rented land, sharecrop land, livestock ownership, adoption of modern inputs, purchasing weather index insurance and reasons for purchasing it, etc.
Methods of data analysis
For the analysis of this study both descriptive and econometric techniques were used. Their respective ways of analysis are explained in detail in the next section as follows.
Descriptive analysis
In the descriptive analysis part, descriptive statics about the demographic characteristics of the sampled households and summery statistics of their modern input demand and their level of understanding about the insurance contract design were presented.
Econometric analysis
In this study econometric model that is relevant in impact analysis using panel data was employed. This is random effects model with DID estimator which is used to analyze the impact of a program using panel data.
As Pattanayak, (2009) calculating the difference in outcomes between treatment and control groups after program implementation minus the difference in outcomes between treatment and control groups prior to the implementation. Often, we refer to this as double difference or difference-indifference (DID) estimator.
Model Specification
The aim is to provide empirical evidence about whether weather index insurance has statistically significant impact on fertilizer demand or not. after treatment minus the difference in average outcome in the control group before and after treatment: it is literally a "difference of differences."
The main equation of the model is explained as follows:
Where: households relative to net change in the outcome for the control households.
Based on the above equation, it is possible to determine the expected values of the average outcomes as follows: with DID estimator is explained as follows:
Instead of treating β1i as fixed, we assume that it is a random variable with a mean value of β1 (no subscript i here). And the intercept value for an individual can be expressed as:
where εi is a random error term with a mean value of zero and variance of σ2 ε .All observations have a common mean value for the intercept ( = β1) and the (2) into (1), we obtain:
Where: 
Description of Variables used in the Model
Under this sub section dependent and independent variables that are used in this model are discussed briefly as follows:
Dependent variable: Demand for fertilizer which is continuous variable becomes the dependent variable. Thus it was regressed as of the explanatory or independent variables hypothesized below.
Independent variables:
A range of demographic and socio-economic variables that are expected to influence household's demand for fertilizer are farmers that purchase index insurance will have higher demand for fertilizer than those who do not purchase it.
Age of the household head (age): This is continuous variable and expected to have negative effect on fertilizer demand. When age of the head increases, households are expected to decrease their participation on farming activities.
On the other hand, as age increases they may be experienced farmers to use fertilizer or to apply other means of maximizing productivity, such as diversifying, using manure, etc so its effect is ambiguous.
Gender of household head (gender):
This is a dummy variable, which takes 1 if sex of respondent is male, 0 otherwise. Since the participation of women on farm activities is limited due to cultural impediments than males, female headed households are expected to purchase less fertilizer, thus its' effect will be negative. Number of oxen holding (oxen): this is the number of oxen that the household has and it has expected positive effect on demand for modern inputs.
Most of the time farmers use oxen to plough their land, so the number of oxen owned is relatively better determinant of fertilizer demand than other livestock.
Price of Manure (pmanure): this is the amount of birr paid for one k.g of compost that the farmer use in his farm which is substitute product for fertilizer and is expected to influence positively demand for fertilizer. Therefore households that use more manure as a result of lower price of manure are expected to have less demand for modern inputs.
Price of fertilizer (pfer): this is the total cost paid for fertilizer divided by quantity of fertilizer purchased, and is expected to have negative effect on demand for modern inputs, i.e. the law of demand.
Own Cultivated Land (own land): this is the cultivated land size in terms of tsimad and soil type owned by the household; farmers give more focus for productivity of their own land so they increase fertilizer demand based on the increase demand for modern inputs, or since this land is of somebody else they may not give more focus for its productivity so their demand may decrease.
Therefore its expected effect is ambiguous.
Off farm income (offfarmp): this is the total income farmers generated from off own-farm activities farmers with high income may have high demand for inputs or may have less demand since they work on non agricultural activities.
So its expected effect is ambiguous.
Access to credit (craccess): this is also a dummy variable which has value 1 if
the house hold has access to credit 0 otherwise. Therefore, households with access to credit may have more demand for inputs.
Amount of high yielding seeds used (hyvs):
This is one type of modern agricultural input which is expected to give more output if it is used simultaneously with fertilizer. So it has positive expected effect on fertilizer demand.
Price and amount of pesticide used (pesticid):
This is also a type of modern agricultural input that has expected to have positive effect on fertilizer demand.
Wealth status (wealth): this is perception of farmers for themselves,
households that consider themselves as poor may have less demand for fertilizer so it has expected direct effect.
PSNP participation (psnp): this is dummy variable equal 1 for
PSNP(productive sefti-net participants) zero otherwise .Its expected effect is ambiguous since participants may increase demand due to their access to information or may decrease demand due to the fact that participants are poor so unable to purchase modern inputs.
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Results and Discussion
In this section, we present results and discussions. The first part of this chapter presents the descriptive statistics, while in the second part we discuss the econometric results of Random effects model.
Descriptive evidences
In this section descriptive analysis about household characteristics, households' understanding about index insurance and their level of input demand were discussed by implementing tables, charts and other calculation methods.
Household head characteristics
Household characteristics of the weather index insurance purchasers and nonpurchasers are presented in table 3.1. We found that average age of the sample household heads is 42.34 having minimum of 18 years and maximum of 75 years. The mean age of the insurance purchasers and non-purchasers is found to be 40.9 years and 43.1 years respectively. And, the t-test shows that there is significant difference (at 10% level) between insurance purchaser and nonpurchaser households on the basis of the age of household head. Thus it indicates that non-purchaser households were more aged than purchasers. We identified also that about 82.7% of the index insurance purchasers were PSNP participants while 17.3% of the purchasers were non PSNP participants.
On the other hand 49.4% of the non purchasers were PSNP participants while 50.5% were none PSNP participants (table3.2).This indicates that almost all the insurance purchasers were PSNP participants.Poor and risk-averse households need more security in their agricultural activity relative to the rich households. On figure 3.1 below, it is clear that in Adi-ha and Awet-bikalsi there is maximum fertilizer with small yield relative to Gente and Hadealga that adopt small fertilizer with maximum yield. This shows the effect of soil type on productivity and fertilizer demand.
In Raya Azebo there is clay or walka soil which is considered as fertile by farmers. As Mitiku, 1996 , in Marc C., et al. (2000 explains black walka soils are relatively fertile, clayey soils, with high organic matter content (between 1.5 and 1.9%).
So it needs small amount of fertilizer in order to produce high yield, in addition there is larger cultivated land size than in other weredas. The reverse is true for other types of soil such as hutsa which is found in Kola-Temben. Marc C., et al (2000) states that sandy or hutsa soil type is less fertile since it has less capacity of holding water as well as less organic components. This is because hutsa is exposed to erosion in summer season. In this area even though they apply more fertilizer their yield is not satisfactory this may be due to different reasons. Since determinant of productivity is not only fertilizer but also enough rainfall, effort of farmers and or using compost and there may be any other reasons. Therefore we can't always expect maximum output as a result of more fertilizer usage.
From this analysis, it is true that households that have fertile agricultural land haave less demand for modern agricultural inputs such as fertilizer. On the other hand, farmers that own less fertile arable land haave higher demand for fertilizer, this idea fits with different theoretical literatures. The other reason might be less productivity of the traditional crops, high yielding variety seeds could not have the same productivity with that of traditional crops, and thus farmers increase their demand for crops that give them the highest production which is obviously high yielding varieties.
In general there is high demand for high yielding Variety seeds in all sample villages. This indicates that demand for high Variety seeds does not depend on soil type (fertility) as that of demand for fertilizer rather it depends on whether condition and any other related things i.e. if there is enough rainfall their demand for high variety seeds might be increased. This is due to the reason that good weather condition plus high yielding varieties with more farmers' effort even without fertilizer leads to harvest more production. 
Econometric analysis
The econometric analysis rests on comparing the difference in fertilizer purchases in the baseline and follow up surveys between farmers that purchased index insurance in follow up survey and farmers that were not. It estimates the determinants of changes in fertilizer purchases across the surveys and determines whether the provision of index insurance had any impact on the amount of fertilizer bought. This is done by using REM (random effects model with DID) estimation technique.
Table3.4. presents the DID estimates estimated with random effect. As it can be seen from the table below, the overall significance of the model is explained by wald chi2 (18) The estimated coefficient of the interaction variable measures the pre-to-post change in fertilizer demand of the treatment (insurance purchaser) households relative to pre to post change in the fertilizer demand of the control households.
The random effects model result suggests that insurance has a significant impact on fertilizer purchases. Purchasing index insurance leads to increase demand for fertilizer by 33 percent relative to non-purchasers. And this is significant at 10 percent level of significance.
The estimated coefficient of this variable was positive as expected indicating that insurance Purchasers' demand for fertilizer is more than that of NonPurchasers. Since insurance increases confidence and motivation of the farmers to take risky investments that bring more production like fertilizer which is risky if there is shortage of rainfall, but could result in more production if there is enough rainfall. In times of rainfall shortage, farmers are certain that they will be compensated, so that they can increase the use of fertilizer to maximize their production. Kelsa, et. al., (1992) investment and on welfare was studied by Nicola (2010) and he found that
Weather insurance can allow developing countries for the adoption of riskier but more-productive improved seeds such as hybrid seeds. And this leads them to increase investment on modern inputs over time because of the increase in farmers' income.
In Mexico impact of index insurance on Maize productivity was studied by Fuchs and Wolff (2010) and they also found that insurance presence in treated counties has significant and positive effects on maize productivity. This implies that there might be evidence of spillover effects in terms of increased investment or fertilizer use.
The other was the result obtained by (Hill and Viceisza, 2010) in their field experiment on the impact of weather shocks and insurance on risky investment in rural Ethiopia (Danicho Mukhere kebele in Silte zone southern Ethiopia)
shows the direct relationship between index insurance and fertilizer demand.
They have reported that insurance has a positive impact on fertilizer purchases.
Price of fertilizer:
This was continuous variable. The result of this study shows that one unit increase in price of fertilizer leads to decrease in demand for fertilizer by 1.2 percent. The variable was significant at 1 percent level of significance. The coefficient of this variable was negative as expected,
showing that there is inverse relation-ship between fertilizer demand and price of fertilizer.
Participation in productive safety net program (PSNP)
This was a dummy variable (1 if the household participated in PSNP 8 , 0 otherwise) and it was significant at 1% level of significance. Marc C., et al, (2000) states that rekik soils are found on the upper portions of a toposequence, and are usually shallow .The shallow soils on the upper slope are sandier (hutsa), and have low water holding capacity. Farmers also listed rocky outcrops and crops drooping at the end of the rainy season as indicators of declining or low soil fertility. Rocky outcrops may appear as result of high levels of erosion, and they are often associated with shallow, infertile soils. Mitiku(1996) in Marc C., et al, (2000) explains that black walka soils are relatively fertile, clayey soils, with high organic matter content (between 1.5 and 1.9 %). 
Model diagnosis
In this paper the data is transformed to logarithmic form there is no problem of multicolinarity since it is checked by VIF. Hausman test (to select either Random Effect model or Fixed Effect Model) is used to select the appropriate model.
Conclusion and Recommendation
Conclusion
The study was conducted by using HARITA's household survey panel data of 2010/2011. It concerns with the impact of weather index insurance on fertilizer demand. Both descriptive and econometrics methods of analysis were used.
Using the random effects model with difference in difference estimator we estimated the impact of index insurance on fertilizer demand in five treated villages of Tigray, Northern Ethiopia.
The result of Random Effect regression shows that, impact of weather index insurance on fertilizer demand is positive and statistically significant ( at 10 percent level). This shows that insurance Purchasers fertilizer demand is more than that of Non-Purchasers. Since insurance increases confidence and motivation of the farmers to take risky investments like fertilizer which brings more output. Such investments are risky if there is shortage of rainfall, but could result in more production if there is enough rainfall. Thus in times of rainfall shortage, farmers become certain that they will be compensated, so that they can increase the use of fertilizer to maximize their production. And also ten important variables were found to be statistically significant.
These are price of fertilizer, participation in PSNP, the impact indicator which is interaction variable of weather index insurance and year (wiiyr), high yielding variety seeds, households perception about their wealth status(wealth), gender of household head, educational level of household head, marital status of the household head and soil type of households own land (hutsa and walka).
Previous studies on weather index insurance reveal that the program was introduced in most developing countries and its impact on modern agricultural inputs was positive. In Malawi the impact of index insurance on consumption, investment and on welfare was studied by Nicola (2010) and he found that
In Mexico, impact of index insurance on Maize productivity was studied by Fuchs and Wolff (2010) and they also found that insurance presence in treated counties has significant and positive effects on maize productivity. This implies that there might be evidence of spillover effects in terms of increased investment or fertilizer use.
The other is field experiment in rural Ethiopia (Silte zone in Southern Ethiopia) about the impact of index insurance on fertilizer demand which was studied by Hill and Viceisza (2009 and 2010) 
Recommendation
Based on the result of the study, which shows that index insurance purchaser's fertilizer demand is higher than that of non-purchasers. So based on this, we are going to recommend the following things:
The first thing to be done is expanding weather index insurance program in all the drought prone areas of this region, households could increase fertilizer demand, through this production or economic capacity of households and living standard of the rural society in general could improve over time. 
